ABSTRACT
Introduction
ZnO is a fascinating material for different applications in both microelectronic and optoelectronic devices. It is a wide-band gap oxide semiconductor with a direct energy gap of about 3.37 eV. It has found numerous applications, such as surface acoustic wave devices [1] , piezoelectric devices [2] , ultra sonic transducers [3] , ultraviolet photo detectors [4] , gas sensors [5] etc. The properties of thin films, which are the basis of their application in technological devices, depend on their surface properties, particularly on the surface roughness. Due to the interest related to the specific properties of transparent metal oxide thin films, recent studies are focused in the correlation of surface with deposition parameters and physical properties. Many deposition techniques have been applied for the production of ZnO films in order to improve their properties [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Thus, the knowledge of the mechanisms that determine the film structure has motivated a large amount of research during the last years. The physical properties of the thin films depend not only on the morphology of the sample but also on the preparation route, thickness of the sample and grain sizes. Reproducible properties are achieved only when the thickness and deposition parameters are kept constant. In case of optical devices especially as interference filters, antireflection coatings etc, the success of fabrication depend on the deposition of specific thickness [16] . In the present work, we have reported the dependence of thickness on surface topography and growth mechanism involved during the deposition.
Sample Preparation
The deposition of ZnO films is carried out by using simple, economic and home made Spray pyrolysis (SP) technique. The starting solution consists of 0.2 M of zinc nitrate dissolved in distilled water. The films have been deposited on ultrasonically cleaned glass substrates kept at 400˚C. The atomization of the solution in the fine droplets was affected by spray nozzle with the help of compressed air, during the course of the spray. The spray rate of 1 mL·min -1 was maintained and the distance between tip of nozzle and the substrate was kept at 28 cm. In order to obtain different thickness of films different volumes of precursor solution say 25 mL, 50 mL, 75 mL, and 100 mL was sprayed on preheated glass substrates respectively and their thickness is calculated by weight difference method. The aqueous solution of zinc nitrate gets thermally decomposes when fallowing over the surface of preheated substrates. This results in the formation of well adherent and uniform ZnO film. The as deposited films of ZnO are transparent with faint white tint. The chemical reaction involved is as fallows:
The structural studies of the prepared ZnO thin films are done by means of X-ray diffractometer (Rigaku RINT 2000) with CuKα radiation having the wavelength of 1.5418˚A and in the range of 2θ = 5˚ -80˚. Continuous scanning was done with the slow scanning speed with small time constant. The surface morphology (grain size and surface roughness) was measured by using Nanoscope-E atomic force microscope (AFM). These measurements are carried out by using a silicon nitride tip with contact mode at room temperature. The electrical measurements are carried out by using home made dc-two probe resistivity set up.
Results and Discussion
In the present work, we have deposited 25 mL, 50 mL, 75 mL and 100 mL of precursor solution on to the preheated glass substrate. The thicknesses of the films were calculated by using weight difference method were found to be increase with the amount of precursor solution used for spray. The thickness so obtained is shown in Table 1 .
The XRD spectra corresponding to the film deposited for 25 mL of precursor solution is shown in Figure 1 . It is found that, the films are polycrystalline with hexagonal wurtzite structure [17] . In pure ZnO the most intensive peak has a strong c-axis orientation along (002) direction and found to be at 2θ = 34.48˚. No extra peak was observed in the XRD pattern. The lattice constant a and c was found to be 3.2499 nm and 5.20 nm respectively. The AFM measurements could provide information regarding the surface morphology of films and this capability might be used to investigate the nature of the deposited thin film like the roughness and size of the grains. A careful analysis of roughness can yield information regarding the kind of growth that is taken place while film is formed.
In order to realize the grain size distribution and roughness as a function of film thickness, the AFM data has been analyzed as follows: AFM images along with its lateral force images for the case of ZnO films with different volumetric concentration have been displayed in Figure 2(a-d) .
The grain sizes were measured for all the films and their statistical distributions are plotted in Figure 3(a-d) . It is observed that the grain size decreases with the increase in thickness.
The growth mechanism could be understood by using concept of scaling. It was first introduced by Family et al. [18] to provide a frame work for fractal like topologies.
The solid films grown under far from equilibrium conditions are predicted to have self-affine surfaces. The fundamental assumption is that all rough surfaces exhibit perpendicular fluctuations, which are characterized by their root mean square (rms) width.
and h(x, y) are height fluctuations, h(x, y) is spatial average over a planner reference structure. The films grown under non-equilibrium conditions are also expected to develop the self-affine surfaces [19] whose rms widths scale with the time t and length L as fallows;
where,
The parameter  is the static scaling or roughness exponent and  is growth exponent. The roughness is also characterized by height-height correlation function,
which scales as, Copyright © 2011 SciRes. MSA
In order to get the information regarding the roughness of prepared films with thickness, the quantities g(R) from the AFM data is derived. The plot of log g(R) vs log (R) should give the information regarding the roughness exponent  and also the growth exponent , (Equation (5)).
The value of g(R) has been obtained by scanning the film for smaller areas. The value of g(R) so obtained is plotted in Figure 4(a-d) , by plotting log g(R) vs log(R) for different amount of precursor solution.
The slope of the upper curve will give the value of  and for the films corresponding to the different thickness is displayed in Figure 5(a) . In order to obtain the growth exponent, one needs to carry out in-situ experiments while the film grows. We have attempted to correlate the time factor to the film thickness, as they are proportional to each other at least upto a first approximation. Electrical measurements on ZnO films having different thicknesses were made by using conventional dc-two probe method in the temperature range of 250 K to 400 K. Contacts made were of copper wires using silver paste on the surface of films. All the films show semiconducting behavior. The activation energy were calculated by using
, where  is the resistivity at the temperature T,  o is a constant, k is the Boltzmann constant and E a is the activation energy required for transition. The activation energy was found to decrease with increase in thickness of the films. The values so obtained are given in Table 1 .
The variation of particle size distributions and associated grain boundaries may be responsible for decrease in activation energy.
Conclusions
The ZnO thin films having different thickness prepared by Spray pyrolysis technique at constant substrate temperature of 400˚C on glass substrates, was investigated by XRD, AFM and resistivity measurements. The XRD results suggest that, the film is polycrystalline in nature. The scaling behavior obtained by using height-height correlation method shows that films having different thickness are developed under non-equilibrium condition behaves as self-affine surfaces. The grain size was found to decrease while the roughness of the film increases with increase in thickness of the film. Activation energy was found to decrease with the increase in thickness of the film.
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